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$FRXVWLF DUUD\V FDQ EH XVHG IRU LPDJLQJ RU GLUHFWLRQ nQGLQJ� $ FULWLFDO PHDVXUH
RI WKH DUUD\
V FDSDELOLW\ LV LWV UHVROXWLRQ� KHUH� ZH ZLOO EH FRQFHUQHG ZLWK WKH DQJXODU
UHVROXWLRQ RI WKH DUUD\� WKDW LV� LWV DELOLW\ WR PHDVXUH WKH DQJXODU EHDULQJ RI WKH WDUJHW
IURP WKH DUUD\ D[LV� 7KH RSWLPXP V\PPHWULFDO QXPEHU V\VWHP �2616� FDQ EH XVHG WR
GHVLJQ D VLPSOH LQWHUIHURPHWULF DFRXVWLF DUUD\ DQG WR SURFHVV WKH GDWD IURP WKDW DUUD\ WR
DFKLHYH KLJK UHVROXWLRQ DQJOH�RI�DUULYDO LQIRUPDWLRQ� 6PDOO DQJXODU UHVROXWLRQV PD\ EH
REWDLQHG IURP D IHZ HOHPHQWV WKDW DUH VSDFHG D IHZ WR VHYHUDO ZDYHOHQJWKV DSDUW IURP
HDFK RWKHU� 7KH 2616 VFKHPH LV EDVHG RQ GHFRPSRVLQJ WKH DFRXVWLF VSDWLDO nOWHULQJ
RSHUDWLRQ LQWR SDUDOOHO VXE�RSHUDWLRQV WKDW DUH HDFK VLPSOHU WR SHUIRUP� 7KH UHVXOWV
IURP WKH SDUDOOHO RSHUDWLRQV DUH FRPELQHG LQWR DQ RYHUDOO KLJK�UHVROXWLRQ UHVXOW� 7KH
DSSURDFK WKDW ZH XVH LV VLPLODU WR WKH DSSURDFK XVHG WR GHVLJQ DQ 5) GLUHFWLRQ�nQGLQJ
V\VWHP EDVHG RQ WKH VDPH FRQFHSWV >�^�@�

)LJXUH � LQGLFDWHV WKH DUUD\ JHRPHWU\� 7KUHH DUUD\ HOHPHQWV DUH LQGLFDWHG �L�H�� WKHUH
DUH WZR LQWHUIHURPHWHUV�� WKHLU VSDFLQJ LV GHWHUPLQHG �IURP WKH WHFKQLTXH GHVFULEHG
EHORZ� WR EH ����w DQG ����w IURP WKH HQG HOHPHQW� ZKHUH w LV WKH QRPLQDO ZDYHOHQJWK
RI WKH VRXUFH� �0RUH DUUD\ HOHPHQWV PD\ EH DGGHG� LI GHVLUHG� DQG GLmHUHQW VSDFLQJV
FDQ EH SUHVFULEHG LI WKH HOHPHQW VSDFLQJV FDQQRW EH SK\VLFDOO\ UHDOL]HG�� 7KH DQJOH RI
DUULYDO� �� LV PHDVXUHG IURP WKH SHUSHQGLFXODU WR WKH DUUD\� DV VKRZQ� DQG VSDQV D UDQJH
EHWZHHQ b��pDQG ���p� 7KH DUUD\ HOHPHQWV DUH UHFHLYHUV WKDW DUH RPQLGLUHFWLRQDO LQ
WKH ULJKW KDOI�SODQH� 7KH VSDFLQJ RI WKH HOHPHQWV DQG WKH SURFHVVLQJ RI WKH VLJQDOV IURP
WKHP GHSHQGV RQ WKH SULQFLSOHV RI WKH RSWLPXP V\PPHWULFDO QXPEHU V\VWHP� ZH QRZ
RmHU D VKRUW UHYLHZ RI WKRVH SULQFLSOHV EHIRUH GHVFULELQJ WKH V\VWHP GHVLJQ�

5HYLHZ RI 2SWLPXP 6\PPHWULFDO 1XPEHU 6\VWHP �2616�

:H EHJLQ E\ FKRRVLQJ 1 SDLUZLVH UHODWLYHO\ SULPH LQWHJHUV �L�H�� QXPEHUV WDNHQ LQ
SDLUV WKDW FRQWDLQ QR FRPPRQ GLYLVRU RWKHU WKDQ ��� WKHVH 1 LQWHJHUV FRQVWLWXWH WKH
PRGXOL RI V\VWHP� P��P�� � � � �P1 � �)RU D VLPSOH LOOXVWUDWLRQ� ZH FKRRVH 1  � ZLWK
P�  � DQG P�  ��� )RU HDFK PRGXOXV� PL� ZH FDQ JHQHUDWH WKH VHTXHQFH�
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7DEOH �� 6HTXHQFHV IRUPHG IURP PHPEHUV RI WZR�PRGXOL 2616 �P
�
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7DEOH � VKRZV WKH WZR VHTXHQFHV IRU RXU H[DPSOH�

:H FDQ FRQVLGHU WKH LQGH[ YDOXH �L�H�� WKH WRS URZ RI WKH WDEOH� DV DQ HYHU�LQFUHDVLQJ
LQSXW VLJQDO� :H QRWH WKDW WKH YDOXHV IRU DQ\ SDUWLFXODU PRGXOXV ?IROG� DV WKH LQGH[
FRQWLQXRXVO\ LQFUHDVHV� ,Q WKH P

�
 � URZ RI 7DEOH �� WKH VHTXHQFH ULVH WR D PD[LPXP

RI WZR� WKHQ IDOOV EDFN WR ]HUR� DQG WKHQ ULVHV WR WZR DJDLQ� 7KLV SDWWHUQ UHSHDWV HYHU\
VL[ YDOXHV DV WKH LQGH[ �WKH WRS URZ RI WKH WDEOH� FRQWLQXHV WR LQFUHDVH� 7KH RWKHU URZ
IROORZV WKH SDWWHUQ RI ULVLQJ DQG IDOOLQJ EXW ZLWK GLmHUHQW PD[LPXP YDOXHV DQG� KHQFH�
GLmHUHQW SHULRGV� 7KH P

�
 � URZ UHDFKHV D PD[LPXP RI WKUHH DQG KDV D SHULRG RI

HLJKW� )URP WKLV ZH GHGXFH WKDW WKH VHTXHQFH SHULRG LV �PL DQG UHDFKHV D PD[LPXP
YDOXH RI PL b �� �7KLV IROGLQJ LV UHPLQLVFHQW RI WKH IROGLQJ RI D FRQWLQXRXVO\ YDU\LQJ
SKDVH� HYHU\ �{ UDGLDQV��

$V ZH FRXQW XS� ZH QRWH WKDW QR FROXPQ RI YDOXHV LV GXSOLFDWHG XQWLO ZH JHW WR DQ
LQGH[ RI �� �WKDW GXSOLFDWHV WKH LQGH[ �� FROXPQ�� +HQFH� WKH XQDPELJXRXV G\QDPLF
UDQJH IRU RXU H[DPSOH LV �� �L�H�� WKHUH DUH �� XQDPELJXRXV VWDWHV EHIRUH UHSHWLWLRQ
EHJLQV� 7KLV YDOXH RI G\QDPLF UDQJH� 0 � LV IRXQG IURP 0  P
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)RU RXU H[DPSOH� WKLV ZRXOG EH 0  � c �  �� OHYHOV�
)LJXUH �D LOOXVWUDWHV WKH WUDQVIHU IXQFWLRQ RI WKH IROGLQJ FLUFXLW WKDW LV XVHG WR

FRQYHUW WKH ZLGH G\QDPLF UDQJH RI WKH LQSXW VLJQDO LQWR D VPDOO G\QDPLF UDQJH RXWSXW
VLJQDO� 3DUDOOHO IROGLQJ FLUFXLWV ZLWK GLmHULQJ SHULRGLFLWLHV UHPRYH WKH DPELJXLW\ RI
WKH VLQJOH FLUFXLW� 7KH IROGLQJ WUDQVIHU IXQFWLRQV GR QRW QHHG WR EH OLQHDU� WKH\ FDQ
EH QRQOLQHDU� 6LPLODUO\ WKH\ FDQ KDYH ERWK SRVLWLYH DQG�RU QHJDWLYH YDOXHV DQG FDQ
H[WHQG LQWR QHJDWLYH YDOXHV RI WKH LQSXW IXQFWLRQ� ([DPSOHV RI IROGLQJ FLUFXLWV LQFOXGH
SKDVH GHWHFWRUV �PL[HU IROORZHG E\ D ORZSDVV nOWHU� DQG 0DFK�=HKQGHU HOHFWUR�RSWLF
PRGXODWRUV�
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)LJXUH �� �D� 7UDQVIHU IXQFWLRQ RI W\SLFDO IROGLQJ FLUFXLWV DQG �E� IROGLQJ FLUFXLWV

IROORZHG E\ DUUD\ RI FRPSDUDWRUV IXQFWLRQLQJ DV FRXQWLQJ FLUFXLWV�

)LJXUH �E VKRZV WKH IROGLQJ FLUFXLWV IROORZHG E\ D EDQN RI FRPSDUDWRUV� 7KH FRP�
SDUDWRUV LQGLFDWH WKH UDQJH RI WKH FRUUHVSRQGLQJ IROGLQJ�FLUFXLW RXWSXW YROWDJH DV D
?WKHUPRPHWHU� FRGH �L�H�� WKH FRPSDUDWRUV VXFFHVVLYHO\ WXUQ RQ DQG WKHQ Rm DV WKH
LQSXW VLJQDO LQFUHDVHV�� &RPELQLQJ WKH FRPSDUDWRU RXWSXWV LQ D ORJLF�JDWH DUUD\ DOORZV
WKH XVHU WR GHWHUPLQH D GLJLWDO UHSUHVHQWDWLRQ RI WKH LQSXW YDOXH� 7KHUH DUH PL b �
FRPSDUDWRUV IRU HDFK FKDQQHO� HDFK ZLWK D GLmHUHQW WKUHVKROG YROWDJH� 7KH WKUHVKROG
YROWDJH 7LM IRU WKH M�WK FRPSDUDWRU RI WKH L�WK FKDQQHO LV IRXQG E\ GLYLGLQJ WKH LQSXW
VLJQDO G\QDPLF UDQJH LQWR 0 HTXDO VHJPHQWV DQG XVLQJ WKH WUDQVIHU IXQFWLRQ WR nQG
WKH FRUUHVSRQGLQJ RXWSXW YDOXH� ZKLFK LV WKH GHVLUHG WKUHVKROG YDOXH�

'LUHFWLRQ�nQGLQJ 6\VWHP &RQFHSW

2XU VLPSOH WZR�PRGXOXV H[DPSOH SURGXFHG RQO\ �� TXDQWL]DWLRQ OHYHOV� WRR IHZ IRU
SUDFWLFDO XVH� ,I ZH FKRRVH RXU PRGXOL DV P�  � DQG P�  ��� ZH ZLOO REWDLQ ��
OHYHOV� D YDOXH ZLWK PRUH XWLOLW\� )RU HDFK PRGXOXV� WKH SHULRGLF VHTXHQFH GHVFULEHG
DERYH FDQ EH FRQVWUXFWHG� 7KHVH VHTXHQFHV KDYH SHULRGV RI �PL �L�H�� �� DQG ��� IRU RXU
H[DPSOH� DQG WKH FRPELQDWLRQ RI DOO VHTXHQFHV H[WHQGV XQDPELJXRXVO\ IRU 0 YDOXHV
ZKHUH 0  P�P� � � �P1  � c ��  ��� LQ RXU H[DPSOH��

7KH VSDFLQJV RI WKH 1 DUUD\ HOHPHQWV �PHDVXUHG IURP D EDVH HOHPHQW� DUH GHWHU�
PLQHG E\ GL  0w �PL ZKHUH w LV ZDYHOHQJWK RI WKH VRXUFH >�@� )RU RXU FRQFHSWXDO
V\VWHP� WKH HOHPHQW VSDFLQJV IURP WKH EDVH HOHPHQW DUH ����w DQG ���w�

7KH VLJQDO SURFHVVLQJ RI WKH V\VWHP �VKRZQ LQ )LJ� �� PHDVXUHV WKH SKDVH RI WKH
L�WK HOHPHQW UHODWLYH WR WKH EDVH HOHPHQW� 7KH SKDVH GHWHFWRUV FRQVLVW RI D PL[HU DQG D
ORZ�SDVV nOWHU DQG SURGXFH D �QRUPDOL]HG� RXWSXW YROWDJH RI YL  FRV��GL VLQ� w� ZKHUH
� LV WKH DQJOH RI DUULYDO ZLWK YDOXHV EHWZHHQ ���pDQG ���p� 7KH SKDVH�GHWHFWRU YROWDJH
LV D SHULRGLF ZDYHIRUP ZKHQ SORWWHG DJDLQVW VLQ�� :KLOH WKH YROWDJH RXW RI D VLQJOH

SKDVH GHWHFWRU KDV WRR PDQ\ DPELJXLWLHV WR PHDVXUH WKH H[DFW SKDVH� WKH YROWDJHV RXW
RI PXOWLSOH SKDVH GHWHFWRUV� HDFK ZLWK D GLmHUHQW SHULRG ZKHQ SORWWHG DJDLQVW VLQ��
FDQ EH XVHG WR UHVROYH WKH DPELJXLWLHV DQG SURGXFH D PRUH H[DFW PHDVXUHPHQW� ,Q



SDUWLFXODU� WKH UDQJH RI VLQ� IURP b� WR �� �FRUUHVSRQGLQJ WR WKH UDQJH RI � YDOXHV
RI b{ � w � � �{ �� FDQ EH VXEGLYLGHG LQWR 0 GLmHUHQW UHVROXWLRQ FHOOV� +HQFH� WKH
UHVROXWLRQ RI VLQ� LV � 0  � �P�P� c c cP1�� )RU RXU H[DPSOH� WKLV YDOXH ZRXOG EH
� ��  ������ (DFK UHVROXWLRQ FHOO IRU VLQ� FDQ WKHQ EH WUDQVIRUPHG LQWR D �QRQXQLIRUP�
UHVROXWLRQ FHOO IRU ��

)LJXUH �� %ORFN GLDJUDP RI VLJQDO SURFHVVLQJ�

7KH VLJQDO SURFHVVLQJ UHTXLUHG WR SHUIRUP WKH FDOFXODWLRQ RI WKH DQJOH RI DUULYDO
FRQVLVWV RI SKDVH GHWHFWRUV IHHGLQJ D EDQN RI PL b � FRPSDUDWRUV� �)RU RXU H[DPSOH�
WKHUH DUH � DQG �� FRPSDUDWRUV LQ WKH WZR FRPSDUDWRU EDQNV�� 7KH WKUHVKROG YROWDJHV
RI HDFK FRPSDUDWRU DUH VHW LQ DFFRUGDQFH ZLWK WKH 2616 WKHRU\ ZLWK RXWSXW RI HDFK
FRPSDUDWRU EDQN EHLQJ D WKHUPRPHWHU FRGH UHSUHVHQWLQJ WKH YDOXH RI WKH LQSXW LQ
WHUPV RI WKH FRUUHVSRQGLQJ 2616 VHTXHQFH� $ GLJLWDO SURFHVVLQJ FLUFXLW� FRQVLVWLQJ RI
DQ (3520 RU DQ $6,&� FRQYHUWV WKH WKHUPRPHWHU�FRGH RXWSXW RI HDFK FRPSDUDWRU
EDQN LQWR D *UD\�FRGH RXWSXW DQG WKHQ FRPELQHV DOO RI WKH *UD\�FRGH RXWSXWV LQWR WKH
KLJK�UHVROXWLRQ GHFLPDO UHSUHVHQWDWLRQ RI WKH DQJOH RI DUULYDO �$R$��

7KH WKUHVKROG YROWDJHV RI WKH FRPSDUDWRUV DUH IRXQG DV IROORZV� :H NQRZ WKDW WKHUH
DUH PL b � WKUHVKROGV WR nQG IRU D JLYHQ PRGXOXV� PL� ,Q DGGLWLRQ� WKH UDQJH RI VLQ�
LV GLYLGHG XS LQWR 0 HYHQ LQFUHPHQWV RI VL]H� c�VLQ��  ��b �b��� 0  � 0 �ZKHUH
ZH UHFRJQL]H WKDW WKH H[WUHPH YDOXHV RI VLQ� DUH � DQG b��� )RU RXU H[DPSOH� ZH DUH
VHHNLQJ nYH WKUHVKROG YDOXHV IRUP�  � DQG WHQ WKUHVKROG YDOXHV IRUP�  ��� 7KH YDOXH
RI WKH LQFUHPHQWV RI VLQ� LV ������� DV GHVFULEHG� DQG� VR� WKH YDOXHV RI �VLQ��M DW HDFK
LQFUHPHQW DUH b������������b������������b������������ � � � �b��0��������  ���

)RU P�  �� ZH NQRZ WKDW WKH SKDVH�GHWHFWRU RXWSXW YROWDJH� YS�� ZLOO EH
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6LPLODUO\� IRU P�  ��� ZH nQG WKDW WKH SKDVH�GHWHFWRU RXWSXW YROWDJH� YS�� ZLOO EH
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ZKHUH G�  0w �P�  ����w� 7DEOH � VKRZV WKH YDOXHV RI �VLQ��M IRU WKH nUVW HOHYHQ
LQFUHPHQWV DQG WKH FRUUHVSRQGLQJ YDOXHV RI YS� �P�  �� DQG YS� �P�  ���� ,JQRULQJ
WKH UHSHDWHG YDOXHV DQG WKH YDOXHV RI �� DQG b�� ZH nQG WKH nYH UHTXLUHG WKUHVKROG
YDOXHV IRU P�  � WR EH b���� b������ �� ���� DQG ������ 6LPLODUO\� ZH nQG WKH WHQ
WKUHVKROG YDOXHV IRU P�  �� DV b������ b����� b������ b������ b������� �������
������ ������ ������� DQG ������ 7KH FRPSXWHG WKUHVKROG YDOXHV DUH DOVR YDOLG LI RQH
FRQYHUWV HDFK YDOXH RI VLQ� LQWR WKH FRUUHVSRQGLQJ YDOXHV RI ��

)LJXUHV �D DQG E VKRZ WKH SKDVH GHWHFWRU YROWDJH �QRUPDOL]HG� IRU WKH P�  �
FDVH SORWWHG DJDLQVW VLQ� DQG �� UHVSHFWLYHO\� 6XSHULPSRVHG RQ WKH SORWV DUH WKH nYH
WKUHVKROGV RI WKH FRUUHVSRQGLQJ FRPSDUDWRUV� 6LPLODUO\� )LJXUHV �F DQG G VKRZ WKH
QRUPDOL]HG YROWDJHV IRU WKH P�  �� FDVH� 7KH FRUUHVSRQGLQJ WKUHVKROG YROWDJHV DUH
DOVR VXSHULPSRVHG RQ WKH SORWV�

7KH SUHGLFWHG UHVROXWLRQ RI WKH DQJOH�RI�DUULYDO LV VKRZQ LQ )LJ� �D� 7KH TXDQWLW\�
VLQ�� LV HYHQO\ GLYLGHG LQWR 0 UHVROXWLRQ FHOOV� UHVXOWLQJ LQ D QRQXQLIRUP GLYLVLRQ RI �
WKDW LV HYLGHQW LQ SDUW �E� RI WKH nJXUH� 7KH HUURUV LQ VDPSOLQJ WKH SKDVH �GHYLDWLRQV
IURP WKH LGHDO VWUDLJKW�OLQH SORW� DUH DOVR VKRZQ LQ WKH nJXUH� 7KH HUURUV LQ WKH PHD�
VXUHPHQW RI VLQ� DUH XQLIRUP DW ������ RYHU WKH HQWLUH UDQJH RI YDOXHV� 7KH HUURUV LQ �
DUH ����p������� UDGLDQV� IRU VPDOO YDOXHV RI � �EURDGVLGH� DQG LQFUHDVH WR D PD[LPXP
HUURU RI �����p������ UDGLDQV� IRU � HTXDO WR h��p�HQG�nUH GLUHFWLRQ��

6XPPDU\

:H KDYH SUHVHQWHG WKH FRQFHSW RI GHVLJQLQJ DQ DFRXVWLF DUUD\ DQG LWV VLJQDO SURFHVV�
LQJ EDVHG RQ WKH SURSHUWLHV RI WKH 2SWLPXP 6\PPHWULFDO 1XPEHU 6\VWHP �2616�� 7KH
IROGLQJ SURSHUWLHV RI WKH 2616 FDQ EH DSSOLHG WR WKH IROGLQJ SURSHUWLHV RI WKH HOHFWURQLF
SKDVH GHWHFWRUV LQ WKH DUUD\ SURFHVVLQJ V\VWHP� 7DEOH � VXPPDUL]HV WKH UHODWLRQV EH�
WZHHQ WKH 2616 DVVXPSWLRQV DQG WKH DUUD\ V\VWHP SURSHUWLHV� 7KH QXPEHU RI PRGXOL�
1 � GHWHUPLQHV WKH QXPEHU RI HOHPHQWV �1 � ��DQG WKH QXPEHU RI SURFHVVLQJ FKDQQHOV�
,W DOVR FRQWULEXWHV WR WKH WRWDO QXPEHU RI FRPSDUDWRUV UHTXLUHG� 7KH SURGXFW RI WKH
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7DEOH �� &RPSXWHG YDOXHV RI �VLQ��M DQG WKH FRUUHVSRQGLQJ YDOXHV RI SKDVH�GHWHFWRU

YROWDJH� YS� IRU P�  � DQG YS� IRU P�  �� 7KHVH YROWDJH YDOXHV UHSUHVHQW WKH

WKUHVKROGV RI WKH FRPSDUDWRUV�
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)LJXUH �� �D� 1RUPDOL]HG UHVSRQVH RI SKDVH GHWHFWRU YV� WKH VLQH RI WKH DQJOH RI

DUULYDO IRU P  �� �E� QRUPDOL]HG UHVSRQVH RI SKDVH GHWHFWRU YV� WKH DQJOH RI DUULYDO

IRU P  �� �F� QRUPDOL]HG UHVSRQVH RI SKDVH GHWHFWRU YV� WKH DQJOH RI DUULYDO IRU

P  ��� DQG �G� QRUPDOL]HG UHVSRQVH RI SKDVH GHWHFWRU YV� WKH DQJOH RI DUULYDO IRU

P  ��� 7KUHVKROG YROWDJHV IRU WKH FRUUHVSRQGLQJ FRPSDUDWRU EDQNV DUH VKRZQ DV

KRUL]RQWDO OLQHV�

PRGXOL GHWHUPLQHV WKH G\QDPLF UDQJH RI WKH V\VWHP� 0 � 7KLV SURSHUW\ GHWHUPLQHV WKH
HOHPHQW VSDFLQJ DQG WKH DQJXODU UHVROXWLRQ� *HQHUDOO\� IRU D JLYHQ UHVROXWLRQ� RQH FDQ
WUDGHRm WKH RYHUDOO OHQJWK RI WKH DUUD\ DJDLQVW WKH QXPEHU RI FKDQQHOV �DQG WKH QXPEHU
RI FRPSDUDWRUV��

$FNQRZOHGJPHQWV

7KH DXWKRUV ZLVK WR WKDQN 3URI� 'DYLG 6W\HU RI WKH 8QLYHUVLW\ RI &LQFLQQDWL IRU KLV
LQVLJKW LQWR WKH V\PPHWULFDO QXPEHU V\VWHP DQG RXU WKHVLV VWXGHQWV IRU WKHLU H[FHOOHQW
ZRUN RQ WKLV SURMHFW� 7KH DXWKRUV DOVR ZLVK WR DFNQRZOHGJH IXQGLQJ E\ WKH 'HSDUW�
PHQW RI 'HIHQVH WKURXJK WKH 1DYDO 3RVWJUDGXDWH 6FKRRO
V &HQWHU IRU 5HFRQQDLVVDQFH
5HVHDUFK DQG SDUWLDO VXSSRUW IURP WKH 136 'LUHFW�)XQGHG 5HVHDUFK 3URJUDP�
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7DEOH �� 6XPPDU\ RI V\VWHP SURSHUWLHV�

5HIHUHQFHV

>�@ /� (� 0� 5RGULJXHV� ?+LJK�UHVROXWLRQ UHVLGXH DQWHQQD DUFKLWHFWXUHV IRU ZLGHEDQG GLUHFWLRQ

nQGLQJ�� 0DVWHU
V WKHVLV� 1DYDO 3RVWJUDGXDWH 6FKRRO� -XQH �����

>�@ 3� 3DSDQGUHDX� ?'HVLJQ DQG SURWRW\SH GHYHORSPHQW RI DQ RSWLPXP V\PPHWULFDO QXPEHU

V\VWHP GLUHFWLRQ nQGLQJ DUUD\�� 0DVWHU
V WKHVLV� 1DYDO 3RVWJUDGXDWH 6FKRRO� 0DUFK �����

>�@ '� -HQQ� 3� 3DFH� 7� +DW]LDWKDQDQVLRX� DQG 5� 9LWDOH� ?6\PPHWULFDO QXPEHU V\VWHP SKDVH

VDPSOHG ') DQWHQDD DUFKLWHFWXUHV�� LQ ���� ,((( $3�6 ,QWHUQDWLRQDO 6\PSRVLXP DQG

856, 1RUWK $PHULFDQ 5DGLR 6FLHQFH 0HHWLQJ� �����

>�@ '� -HQQ� 3� 3DFH� 7� +DW]LDWKDQDVLRX� DQG 5� 9LWDOH� ?+LJK UHVROXWLRQ ZLGHEDQG GLUHF�

WLRQ nQGLQJ DUUD\V EDVHG RQ RSWLPXP V\PPHWULFDO QXPEHU V\VWHP HQFRGLQJ�� (OHFWURQLFV

/HWWHUV� YRO� ��� QR� ��� SS� ����^����� �����

>�@ 7� 1� +DW]LDWKDQDVLRX� ?2SWLPXP V\PPHWULFDO QXPEHU V\VWHP SKDVH VDPSOHG GLUHFWLRQ

nQGLQJ DQWHQQD DUFKLWHFWXUHV�� 0DVWHU
V WKHVLV� 1DYDO 3RVWJUDGXDWH 6FKRRO� -XQH �����


